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This  report  describes  an  interface  to  permit  the  connection  of  any  PDP-11 
to  either  the  Packet  radio  network  or  the  ARPAnet.  The  interface  connects 
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peripheral  slot  in  a PDP-11  backplane.  The  interface  card  is  connected  to 
the  parallel  interface  card  via  two  cables  with  Berg  40  pin  connectors 
(DEC  H-856)  and  to  the  IMP  via  an  Amphenol  bayonet  connector  (48-1 0R-1 8-31 S ) . 
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parallel  interface  card  (DEC  DR11-C  or  DRV- 1 T ) together  with  the  special  I/O 
interface  card  described  in  this  report  comprise  the  1822  interface.  The 
report  includes  descriptions  of  the  operation  of  circuits,  programming,  and 
diagnostics  for  the  1822  interface.  ^ 
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1.0 


Introduction 


This  report  describes  an  interface  to  permit  the 
connection  of  any  PDP-11  to  either  the  Packet  radio  network 
or  the  ARPAnet,  The  interface  connects  to  an  IMP  on  one 
side,  meeting  the  specifications  published  in  BBN  report 
number  1822,  and  to  a 16  bit  parallel  interface  (DRV-11  or 
DRll-C)  as  described  in  the  DEC  peripherals  and  interfacing 
handbook.  The  interface  card  itself  is  a double  height 
board  (5.2"x8.5")  which  can  be  plugged  into  any  peripheral 
slot  in  a PDP-11  backplane.  The  interface  card  is  connected 
to  the  parallel  interface  card  via  two  cables  with  Berg  40 
pin  connectors  (DEC  H-856)  and  to  the  IMP  via  an  Amphenol 
Dayonet  connector  ( 48-10R-18-31S) . All  3 cables  and 
connectors  are  supplied  with  the  I/O  interface  card.  The 
parallel  interface  card  (DEC  DRll-C  or  DRV-li)  together  with 
the  special  I/O  interface  card  described  in  this  report 
comprise  the  1822  interface. 

Except  for  differences  in  handling  the  IMP  power  relay 
status,  this  interface  reflects  tne  current  prototype  as 
constructed  by  SRI.  In  the  SRI  unit,  an  interrupt  is 
continuously  generated  when  the  IMP  goes  down.  The 
interrupt  generation  can  be  stopped  by  disabling  the 
receiver,  after  which  it  is  necessary  to  poll  the  interlace 
to  see  if  the  IMP  comes  back  up.  The  interface  described 
here  generates  one  interrupt  on  each  change  of  state  of  the 
IMP. 

The  following  sections  describe  the  ope/ation  of 
circuits,  programming,  and  diagnostics  for  the  1822 
interface. 


1.1  Block  Diagram 

The  block  diagram  shows  the  basic  parts  of  the  special 
I/O  interface  card  and  its  connections  to  the  parallel 
interface  card  and  the  IMP. 

The  parallel  interface  card  performs  interrupt  control 
on  the  PDP-11  unibus.  It  has  3 addresses  on  the  Unibus;  the 
control  and  status  register,  the  output  register,  and  the 
input  gate.  The  status  register  includes  both  the  interrupt 
enable  bits  as  well  as  the  transmit  and  receive  enable  bits. 
The  output  register  is  a buffer  whose  contents  change  only 
when  tne  interface  is  loaded  (written  into) . The  input  gate 
does  not  contain  a buffer.  Its  function  is  only  to  gate  its 
input  signal  to  the  Unibus.  Thus  the  data  sections  of  the 
I/O  card  need  only  store  data  for  the  receiver,  but  not  the 
transmitter.  A block  diagram  and  description  of  the  parallel 
interface  unit  supplied  by  DEC  are  in  the  appendix. 

In  the  following  section,  thi.  reader  is  referred  to  the 
block  diagram  as  well  as  the  circuit  and  timing  diagrams 
that  follow. 
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2.0 


Transmit  Section 


The  transmitter  has  two  independent  sections.  one  is 
the  power  relay  and  the  other  is  the  data  section. 

2.1  Host  Power  Relay 

Bits  12  and  13  in  the  output  register  control  the  host  power 
relay  contacts.  They  are  the  R and  S inputs  to  an  R-S  £Lip 
flop.  Setting  bit  12  closes  the  contacts,  and  setting  bit 


13  opens  the  contacts. 

If  both  bits 

are  on,  the  contacts 

will  be  closed.  If 

both 

bits 

are  simultaneously  cleared 

after  both  being 

set , 

the 

resulting  contact  position  is 

indeterminate . 

Last  State 

New 

State 

Contact  Status 

Bit  Bit 

Bit 

Bit 

13  12 

13 

12 

( any  ) 

0 

0 

No  change 

( any  ) 

0 

1 

Contacts  closed 

( any  ) 

1 

0 

Contacts  open 

( any  ) 

1 

1 

Contacts  closed 

1 1 

0 

0 

Indeterminate 

Initialize 

Pulse 

Contacts  open 

Bits  12  and  13 

need 

to  be 

set  only 

once,  as  can  be  seen 

from  the  table,  since  the 

state 

of  the 

relay  remains  at  its 

previous  setting  when  bits  12  and  13  are  both  zero. 

Since  the  transmit  register  cannot  be  used  to  read  out 
the  state  of  the  relay,  bit  13  of  the  receive  register  is 
used  for  that  purpose.  Bit  13  is  a 1 if  the  contacts  are 
open,  and  0 if  they  are  closed. 

Bit  13  of  INBUF  Contact  position 

0 CLOSED  (Host  power  on) 

1 OPEN  (Host  power  off) 

The  relay  used  is  a Magnecraft  W107-D'P-I  reed  relay. 
Magnecraft  claims  the  contact  bounce  is  loss  than  500 
microseconds.  Therefore  to  be  safe,  no  data  should  be 
transmitted  until  1 millisecond  after  the  relay  is  closed. 
This  means  that  bit  12  of  the  transmit  register  ( OUTBUF  ) 
must  be  set  before  transmit  enable  is  set  to  present  the 
interface  from  transmitting  a byte  when  the  power  bit  is 
se  t . 

2,2  Data  Se  ion 

The  data  section  of  the  transmitter  is  an  8 bit  parallel  to 
serial  converter  implemented  with  a multiplexer.  The  8 bit 
data  byte  and  control  information  are  supplied  by  the  DR11-C 
whose  output  buffer  holds  these  values  until  tt-ey  are 
replaced  by  new  data  and  control  information. 
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2.2.1  Data  Path 


The  actual  parallel  to  serial  conversion  is  done  by  an  8 
line  multiplexer  (74152),  which  selects  bits  7 to  i)  of  the 
output  buffer  and  directly  feeds  the  output  driver.  The  bit 
selection  is  done  by  the  low  order  3 bits  of  a 4 bit  binary 
counter  (74193).  The  counter  starts  at  zero  and  is  advanced 
one  count  each  time  the  RFNHB  (Ready  for  Next  Host  Bit)  line 
makes  a high  to  low  transition.  On  the  8th  count  the  high 
order  bit  becomes  a 1 and  is  used  to  inhibit  further 
counting  and  also  to  generate  a transmit  interrupt  request. 

2.2.2  Handshaking  Procedure 

When  the  RFNHB  line  goes  high,  and  transmit  enable  is  a 1 
(enabled),  the  TYHB  (There's  Your  Host  Bit)  line  goes  high 
indicating  availability  of  a data  bit.  RFNHB  eventually 
goes  low  indicating  acceptance  of  data.  This  triggers  the 
74123  pulse  generator  generating  a pulse  T4  seconds  long 
(nominally  1 microsecond).  The  leading  edge  ol  the  pulse 
advances  the  counter.  The  TYHB  line  is  held  low  for  at 
least  the  delation  of  the  pulse,  and  possibly  longer  if  the 
RFNHB  line  remains  low  for  longer  than  the  pulse  duration. 
Using  the  pjl.se  generator  provides  a straightforward  method 
of  meeting  the-  minimum  pulse  width  requirements  for  the 
2-Way  handsuake.  This  is  useful  when  operating  over  long 
cables.  For  systems  using  only  a 4-Way  handshake,  a simple 
time  delay  would  suffice  as  long  as  it  is  long  enough  to 
allow  the  counter  and  multiplexer  to  settle  after  being 
advanced  (See  transmi*  Liming  diagram  for  details). 

2.2.3  Last  Host  Data  Bit  (LHDB)  Signal 

The  LHDB  signal  is  asserted  if  the  Last  Byte  signal  is 
present  (bit  11  in  OLTBUF  is  a 1)  and  the  counter  is 
selecting  the  last  bit  of  the  byte  to  be  transmitted.  The 
timing  for  this  signal  coincides  with  the  timing  for  tne 
data  signal. 

2.2.4  Transmit  Enable 


The  transmit  enable 
request  signal  as 
while  it  is  low. 
returned  to  the  " 
for  new  data  to  be 
before  starting  tr 
enable  line  cannot 
off  in  the  middle 
would  never  be  tran 


signal  is  used  to  gate  out  the  interrupt 
well  as  to  hold  off  data  transmission 
When  the  transmit  enable  signal  is 
1"  (enabled)  state,  the  transmitter  waits 
loaded  into  the  output  register  (OUTBUF) 
ansmission.  This  means  that  the  transmit 
be  used  to  turn  the  transmitter  on  and 
of  a byte  since  the  remainder  of  the  byte 
smitted . 
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2.2.5  Initialize  Pulse 


The  initialize  pulse  resets  the  counter  to  zero  and  opens 
the  host  power  relay  contacts.  It  also  clears  the  registers 
in  the  DRV-11,  thus  clearing  the  transmit  enable  signal. 

2.2.6  Load  Pulse 

The  load  pulse  resets  the  counter  and  holds  t.  .?  TYHB  line 
low  for  the  duration  of  the  load  pulse  (non.  nally  300 
nano-seconds) . If  it  is  the  first  load  pulse  after  the 
transmit  enable  line  has  been  raised  (=1),  it  also  clears 
the  hold-off  flip-flop.  The  hold-off  flip  flo,3  prevents 
handshaking  from  occurring  until  the  first  load  pu.se  after 
the  transmit  enable  line  goes  high. 

2.2.7  Interrupt  Request 

A transmit  interrupt  can  occur  only  after  the  last  data  bit 
has  been  received  by  the  IMP  and  both  of  the  following 
conditions  have  been  met. 

XMT  enable  is  set  (=1)  Bit  0 in  DRCSR 
XMT  interrupt  enable  is  set  (=1)  Bit  6 in  DRCSR 

If  one  wishes  only  to  poll  the  interface,  only  the  XMT 
enable  needs  to  be  set.  Bit  7 of  the  status  register 
(DRCSR)  indicates  the  state  of  the  INT  A line.  If  an 
interrupt  has  been  requested,  bit  7 will  be  a one.  If  bit 
6 is  also  set,  an  interrupt  will  actually  occur. 


7 


Host 


2- Way  2-Way  or  4-Wa 

Handahake  Handshake 
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3.0 


Receive  .Section 


7ne  receive  section  supplies  one  byte  ot  data  along  with 
control  information.  The  receiver  is  divided  into  two 
parts.  One  part  senses  the  status  of  the  1 .IP  power  relay 
contacts  and  the  other  part  performs  the  handshaking  and 
serial  to  parallel  conversion. 

3.1  IMP  power  Penning 

The  IMP  power  relay  contacts  ground  the  filtered  input  to 
the  inverter.  The  39  ohm  resistor,  5 microfarad  capacitor 
and  the  10K  resistor  provide  some  debouncing  of  the  relay 
contacts.  This  supplies  a signal  through  the  inverters 
directly  to  the  DRV- 11  (bit  12).  The  high  to  low  and  low  to 
high  transitons  generate  a pulse  via  the  FXCLUS I VF-UR  gate 
and  time  delay  which  sets  the  power  interrupt  flip  flop. 
See  figure  4 illustrating  the  CXCLU5IVB-OR  pulse  generator. 
An  interrupt  request  is  generated  if  the  receive  enable  bit 
is  set  in  the  O.'.CSR  (bit  1).  An  interrupt  will  actually 
occur  if  nit  5 is  rlso  set.  These  actions  will  occur 
independent  of  actions  in  the  data  section  of  the  receiver. 
Bit  i4  (=1)  indicates  that  the  interrupt  was  initiated  by 
the  IMP  power  relay  (IMP  recently  down)  and  bit  12  indicates 
the  current  status  of  the  IMP  relay. 


?.2  Data  Section 

The  data  path  in  this  section  is  from  the  line  receiver 
directly  to  the  serial-in,  parallel-out  shift  register 
(74164).  The  lata  is  strobed  into  the  shitt  register  Tl 
sec.  after  the  '1YIB  signal  is  asserted  ( = 1).  The  time  delay 
Tl  allows  deskewing  of  trie  signals  on  the  TYIrs  line  and  the 
data  and  LDB  linen.  Tnis  time  delay  can  be  varied  by 
changing  the  timing  capacitor.  After  the  data  is  strobed 
into  the  register,  the  RFDIB  line  is  dropped  (=0).  It  is 
held  down  for  a minimum  period  of  T2  sec.  and  possibly 
longer  if  the  TYIB  line  lias  not  dropped  when  T2  has  elapsed. 
The  RFHI3  line  will  not  go  high  again  until  the  TYIB  line  is 
dropped.  This  meets  the  requirement  of  tne  4-way 
handshaking  procedure.  The  period  T2  occuring  after  the 
data  is  strobed  into  the  register  is  to  meet  the  minimum 
pulse  width  requirements  when  using  the  2-way  handsnakinj 
procedure  on  long  cables.  The  pulse  widtn  requirement  at 
the  IMP  end  of  the  cable  can  also  be  met  by  changing  the 
appropriate  timing  capacitor  on  the  interface  card. 
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3.2.1  Interrupt  Requests 

An  interrupt  request  can  be  generated  only  ii  tee  Receive 
enable  line  is  high  (DRC3R  bit  1 is  1)  and  one  ol  the 
following  is  true: 

a)  8 bits  have  been  received  since  the  last  interrupt  as 

counted  by  the  74193  counter. 

b)  The  Last  Data  Bit  (LDB)  flip  flop  has  been  set  by 

receipt  of  an  LDB  signal. 

c)  Tne  power  status  flip  flop  has  been  set  due  to  a change 

in  tne  status  of  the  IMP  power  relay  contacts. 
(Connecting  and  disconnecting  the  cable  wiiL  nave  the 
same  effect.) 

3.2.2  Initialize  and  Read  Pulses 

Both  the  reao  and  the  initialize  pulses  produce  a pulse  on 
the  clear  line  in  the  interface.  The  initialize  pulse  is 
inverted  and  fed  directly  to  the  clear  line.  The  trailing 
edge  of  the  read  pulse  indicates  that  the  data  tias  been  reau 
from  tne  register.  The  pulse  generator  T3  generates  a 1 
microsecond  pulse  AFTER  the  trailing  edge  of  the  read  pulse, 
when  the'  clear  line  is  lowered  ( = 0),  the  registet, 
flip-flops,  and  counter  are  cleared.  T2  pulse  generation  is 
inhibited  and  the  TYI3  input  signal  is  held  low  for  the 
duration  of  a clear  pulse. 

3.2.3  Bit  15  Ou  tput 

Bit  15  is  tiie  OR  value  of  bit  14  (IMP  recently  down)  and  bit 
11,  tiie  LIDB  bit  in  ttie  receive  register.  It  is  "1"  only  if 
the  last  bit  of  a packet  has  been  received  (the  only  time 
tne  LIDB  line  is  asserted)  or  the  the  IMP  has  lost  and/or 
regained  power  (its  relay  contacts  changed  position). 

3 . 2 . 4 Da  ta  • 

Tne  data  bits  appear  in  the  low  order  byte  of  the  receive 
register  (bits  0-7).  The  most  significant  bit  (MSB)  or  bit 
7 is  the  first  bit  received  from  the  line  and  the  least 
significant  bit  ( LSB)  or  bit  0 is  most  recently  received 
bit. 

3.2.5  lilt  Count 

The  three  bits  (8,9,10)  indicate  how  many  bits  have  been 
received  since  the  last  interrupt.  If  a number  other  than  0 
appears  in  these  three  bits,  a full  byte  has  not  been 
received.  The  bits  are  a binary  number  indicating  how  many 
bits  have  been  shifted  into  the  register.  The  data  bits  are 
shifted  into  the  low  order  byte  starting  at  bit  0 and  moving 
toward  bit  7.  Thus,  the  MSB  starts  at  bit  0 and  moves 
toward  bit  7,  its  final  destination.  If  the  bit  positions 
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wore 
the 
i no  an 


J • d-  • 

See 


numbered  1 to  d (LSI3  to  .1IJU)  instead  of  0 to  7, 
bit  count  (10, 9, b)  io  the  position  ot  the  MSB. 
s t ho  MSB  lias  touched  its  Linal  destination. 


b Receiver  Timing 

the  timiivj  diaurai.is  Tor  the  receiver  in  figure  6. 


L h e i 

0 0 ( 
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Table 


nera  tor 


2-Way  or  4-Way 

-Way  Handshake  Handshake  4-Way  Handshake  Last  Bi 


negative  pulse  appears  on  this  lead.  The  width  of  toe 
•«  nay  be  indicated  as  well. 


4.0 


Llectrical  Sped  f ications 


This  section  provides  details  on  the  power  wiring  for  t!<n 
hoard  and  data  on  ttie  line  drivers  and  receivers. 

4.1  Line  Drivers  and  Receivers  (DM  8820  and  DM  8830) 

The  line  drivers  are  National  DM  7830/8830  differential 
balanced  drivers.  The  receivers  are  National  DM  7823/3820 
differential  balanced  receivers.  Connection  details  are 
shown  in  the  figure  showing  drivers  and  receivers.  trie 
receivers  provide  a high  impedence  (2.5K  or  5 K ) termination 
of  the  line,  with  protective  clamping  at  + and  - 4 volts 
with  respect  to  ground.  when  an  input  is  out  of  the  + or 
4 volt  range,  the  input  impedence  from  the  out  of  ranjo 
input  to  ground  is  183  ohms.  The  maximum  input  voltage  for 
any  input  lead  should  be  held  to  + or  - 10  volts  with 
respect  to  ground.  This  is  the  dissipation  limit  of  the 
protection  circuit. 

The  outputs  are  balanced  differential  and  provide  a 1.2 
volt  differential  voltage  swing  with  a +.6  voj t common  mode 
voltage  (both  measured  open  circuit). 

Logic  State  Output 

A B 

0 0 V +1.2  V 

1 +1.2  V J V 

The  output  impedence  is  130  ohms  differential  oalanced  with 
respect  to  ground  (or  65  ohms  to  ground  from  each  side) . 

4.2  Power  Distribution 

The  power  distribution  is  shown  in  figure  8. 
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Figure  7 

Line  Drivers  & Receivers 
1*1  ec t r ic  al  Spec i 1 i c at  ions 


I Drivers:  Differential  Balanced  Drivers  (130  ohms  balanced 

55  ohtr.s  each  side  to  ground) 


TTL 

Input  •" 


National  DM7830/8830 
(2  units  per  package) 


A (AND  output) 

B (NAND  output) 


Input 

Outputs  (volts) 

Logic 

Voltage 

A B 

0 

0 V 

0 1.2 

1 

3 V 

1.2  0 

II.  Receivers  Balanced  Differential,  NO  termination 


Balanced 
In  pu  t 


A *-W 


180  $ 
K i . f 


A 


+ 3.6 

1 

A 


B «-VvV 
180 


V. — 7 1 t +' 

\A/— * » . — ■ _ 

-*r  r: 

4-3.6 


volts 


N •TTL 

Nat ional 
DM7820/8820 
2 units  per 
volts 


output 


package 


Diodes  are  1N4148  or  equiv. 

Typical  threshold  voltage  is  100  mV. 

Non - in ver t in g input  resistance  is  2.5K  ohms  to  giound. 

(pins  3 & 11)  . . i ,, 

Inverting  input  resistance  is  5K  ohms  to  ground  (pins  1 N 
Protection  clamps  input  to  receiver  at  + 4 volts.  180  ohm 
-4  watt  input  resistor  will  fail  with  sustained  inputs 
above  10  volts. 

The  7820  and  7830  operate  over  the  military  temperature 
range  (-55°C  to  125°C) . The  8820  and  8830  operate 
over  the  commercial  temperature  range  (0°C  to  70  C). 


13). 
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POWER  DISTRIBUTION 


Changing  Time  Delays 

The  value  of  the  time  delays  is  linearly  proportional  to  the 
value  of  the  timing  capacitor  over  reasonable  values  of  time 
delay.  Thus  to  change  the  time  delays,  the  timing 
capacitors  should  be  changed  accordingly.  All  time  delays 
shown  are  set  to  one  microsecond. 
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6.0 


Connectors 


The  I/O  interface  card  makes  4 connections  to  the  outside 
world . 

a)  edge  connector  on  the  card.  DEC  double  height 
board.  +5  volts  and  ground  are  used.  Current 
consumption  is  about  600  mA. 

b)  Berg  40  pin  connectors  (2) , one  for  input  and  one 
for  output  to  parallel  interface.  They  are  labeled  J1 
and  J 2 corresponding  to  DEC  nomenclature.  (Pin 
numbers  at  the  top  of  the  schematics  indicate  the 
connector  number  and  pin  number.  Connector  2,  pin  w 
is  2-VV.)  The  connector  number  is  DEC  H-856 

c)  Amphenol  31  pin  female  bayonet  connector.  This  is 
specified  by  the  BBN  1822  report.  The  pin  numbers  tor 
this  connector  are  on  the  bottom  of  t tie  schematics 
along  with  the  signal  name.  The  connector  is  Amphenol 
number  48-10R-18-31S . 
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6.1 


Loopback  Test  Connector 


Or iginate 

Destination 

Signal 

Pin  No. 

Pin  No. 

Name 

1 

21 

+ LDB 

2 

22 

- LDB 

3 

23 

+ Data 

4 

24 

- Data 

5 

19 

4 TYB 

6 

20 

- TYB 

7 

17 

+ RFNB 

8 

18 

- RFNB 

11 

13 

Power  Relay 

12 

14 

Power  Relay 

7.0 


Prog  ramming 


The  programmer  has  3 registers  to  deal  witii  in 
programming  the  interface:  the  status  register,  the  input 
buffer,  and  output  buffer. 

7.1  Status  Register 

This  register  has  4 read/write  enable  bits,  and  2 read 
only  status  bits.  There  are  two  enable  bits,  one  each  to 
allow  operation  of  the  transmitter  and  receiver.  The  two 
status  bits  indicate  whether  a receive  interrupt  request  has 
occurred.  An  interrupt  request  can  occur  only  if  tne 
respective  transmitter  or  receiver  has  been  enabled.  An 
interrupt  will  actually  occur  if  the  appropriate  interrupt 
enable  bit  (one  for  receive  & one  for  transmit)  has  also 
been  set. 

7.2  Input  and  Output  Buffers 

Both  the  input  and  output  buffers  are  divided  into  a data 
section  (bits  0:7)  and  a control  section  (bits  8:15).  The 
user  should  not  write  into  the  transmit  register  or  read 
from  the  receive  register  if  they  are  in  the  process  of 
transmitting  or  receiving  a byte  of  data.  Reading  or 
writing  into  a register  while  it  is  in  the  process  of 
transferring  a byte  may  cause  some  bits  to  become  lost 
and/or  out  of  synchronization.  This  can  be  avoided  by 
waiting  until  either  an  interrupt  or  interrupt  request  (as 
seen  in  the  status  register)  is  present  before  accessing  the 
register . 
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7.3  Transmit  (Output)  Register 

One  byte  of  data  will  oe  transmitted  each  time  this  re  ist°i 
is  loaded  if  the  transmit  enable  bit  is  set.  Any  ola  data 
wi ' i be  cleared  upon  loading,  independent  of  the  state  oL 
transmit  enable. 

7.3.1  Data  Section  (Bits  C:7) 

Bit  0 is  least  significant,  bit.  Bit  7 is  the  most 
significant  bit  and  is  the  first  bit  to  be  transmitted. 

7.3.2  Control  Section 

Bit  11  (LHDB) - If  this  bit  is  set,  the  last  host  data 
bit  line  will  go  high  uuririg  t lie  transmission  of  the 
last  data  bit  in  the  byte  (bit  0). 

Bit  12  - dost  Power  Relay  Set-  If  this  bit  is  set,  tne 

host  power  relay  contacts  will  be  closed  indicating  host 
is  up.  This  bit  need  be  set  only  once  since  the 

interface  will  latch  tne  value.  Either  an  initialize 
pulse  or  setting  bit  13  will  ch.  ' * the  Jatch.  The  latch 

will  remain  in  tne  last  state  to  which  it  was  set.  Bit 

13  of  the  receive  register  contains  the  status  of  the 
latch . 

Although  the  power  latch  can  be  set  any  time,  it  is 
recommended  that  the  relay  be  turned  on  before  the 
transmit  enable  bit  is  set  in  the  status  register.  This 
prevents  a data  byte  from  being  transmitted  when  the 

relay  is  turned  on.  It  is  important  because  the  host 
must  wait  until  the  contacts  have  solidly  closed  before 
transmitting  data  which  is  approximately  1 mS  for  the 
relay  used. 

Bit  13  - Host  power  relay  clear  - Setting  this  bit 
clears  the  HOST  power  relay. 
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7.4.0  Receive  Kegist-er 

Reading  the  receive  register  clears  the  receive  but  let- 
making  it  ready  for  another  byte.  Thus  program  testing  ol 
control  bits  should  be  done  after  the  contents  of  tne 
receive  register  have  been  moved  elsewhere.  If  the  receiver 

wishes  to  suspend  receipt  of  more  data  he  can: 

a)  Not  read  the  receive  register. 

b)  Clear  recieve  enable  after  a receive  interrupt  and 
then  read  the  receive  buffer.  In  this  case  he  has 
access  to  all  data  accepted  by  the  interface  and 
blocked  data  at  the  entry  point  to  the  interface. 

c)  Clear  receive  enable  without  waiting  for  an 

interrupt.  In  this  case  some  bits  may  be  lost. 
Setting  receive  enable  will  start  the  receiver  again, 
but  not  necessarily  where  it  left  off. 

7.4.1  Data  (Bits  0:7) 

Bit  0 is  LSB  and  the  last  one  received  from  the  lino. 

Bit  7 is  MSB  and  the  first  one  received  from  the  lin*'. 

7.4.2  Control 

Bits  8,9,10  - Point  to  last  bit  received  in  byte. 

Bit  11  - (=1)  Indicates  last  data  bit  line  was  asserted 
concurrently  with  receipt  of  the  last  data  bit. 

Bit  12  - IMP  Power  status.  Indicates  current  status  of  tne 
IMP  power  relay. 

Bit  13  - Host  power  relay  status.  0 - ON  1 - OFF 

Bit  14  - Indicates  the  IMP  has  been  down  since  the  last 
interrupt  was  serviced.  (i.e.  the  interrupt  was 
generated  by  IMP  changing  status.)  (see  bit  12  for 
current  status) 

Bit  15  - Either  bit  11  or  14  is  a 1.  This  bit  being  set 
indicates  the  current  interrupt  requires  special 
handling  either  because  it  is  the  last  byte  of  ; 
packet,  or  the  IMP  has  been  down. 
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Programming  the  1822  Interface 
(with  the  DRV-1 1 or  DRll-C) 


The  bus  address  and  interrupt  vector  locations  shewn  at  ■ 
for  the  first  DRll-C  (DRV-li)  in  a system.  It  there  is  mon 
than  one  DRll-C,  or  other  devices  competing  for  the  sa-in 
address  area,  the  proper  numbers  may  not  do  the  ones  shown. 
Check  the  appropriate  system  documentation  and/or  tie 
hardware  address  jumpers  on  the  DRll-C  to  bo  sure. 


RCV 

. Not  Used 

XMT 

XMT 

RCV 

RCV 

XMT 

Req. 

Req. 

Int.  A 

tni.H 

Not  Used 

Enable 

.nablo 

A 

Enable 

Enable 

(CSRl ) 

:sr  0 

1 lb 

14  13  \ 2 11  10  9 8 

7 

6 

5 

4 3 2 

1 

0 

l 

L...  —L  i 1 1_  -j 

— 

, 

— i 



Control  and  Status  Register  - DRCSR  167770 


i — Not  - fledr  Set 
*'  ~ Used — |Host  Host 

J Pwr.  Pvr . 

! 15  14  I 1 3 1 12 


i 


Transmit  Register  - OUTBUF  167772 


Mctlve  Register  - 1NBUP  167776 
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Control  and  Status  Register  DRCSR  167775 
Bit  Function 

Bit  15-  This  bit  indicates  that  the  DRV-11  has  received  a request  from  the 
interface  to  generate  an  interrupt.  I f bit  5 of  this  register  is 
set,  an  interrupt  will  occur.  This  bit  is  read  only. 

Bit  14-8  NOT  USED 

Bit  7 This  bit  indicates  that  the  DRV-ll  has  received  a request  from  the 
interface  to  generate  a transmit  interrupt.  If  bit  b of  the 
interface  is  set,  an  interrupt  will  occur.  This  bit  is  read  only. 

Bit  6 Transmit  interrupt  ENABLE-  Setting  this  bit  allows  interrupts  to 
be  generated  upon  completion  of  transmission  of  each  byte  of  data. 
This  bit  is  read/write. 

Bit  5 Receive  interrupt  ENABLE-  Setting  this  bit  allows  interrupts  to  be 
generated  upon  receipt  of  each  byte  of  data  and/or  a change  in  the 
status  of  the  IMP  power  bit  in  the  interface.  This  bit  is 
read/wr i te . 

Bits  4-2  NOT  USED 

Bit  1 Receive  enable-  Setting  this  bit  enables  the  receiver  (by  allowing 
the  RFNB  line  to  go  high).  The  interface  will  then  receive  bits 
until  either  it  is  full,  or  it  receives  the  last  data  bit  ( LDU) 
signal.  At  this  point  the  interface  stops  and  requests  an 
interrupt.  It  will  not  accept  any  new  bits  until  the  present 
load  of  bits  is  read  from  INBUF.  This  bit  is  read/write. 

Bit  0 Transmit  enable-Se t t ing  this  bit  enables  the  transmitter  (by 
allowing  the  TYB  line  to  go  high).  The  interface  will  transmit 
all  bits  which  are  loaded  into  OUTBUF  after  this  bit  is  enabled. 
This  bit  is  read/write. 


Transmit  Register  OUTBUF  167772 

All  bits  are  read/write.  Transmission  of  a byte  is  initiated  each  time 
OUTBUF  is  loaded,  the  transmitter  is  enabled  (bit  0 of  DRCSR  is  set). 

Bit  Function 

15-14  Not  used 

13  Setting  this  bit  releases  the  Host  relay  contacts.  This  bit  need 

be  set  only  once,  as  the  interface  holds  the  information  in  a 
latch.  Either  bit  13  OR  bit  12  should  be  set.  NOT  BOTH. 

12  Host  Power  Set-  This  bit  sets  the  Host  relay  contacts.  As  with 

bit  13,  this  bit  need  be  set  only  once,  since  the  interface  holds 
the  information  in  a latch.  Either  bit  13  or  bit  12  snould  be 
»et.  NOT  BOTH.  No  data  should  be  sent  until  at  least  1 
millisecond  after  this  bit  is  set  to  allow  for  relay  contact 
bounce . 


11  Last  Data  Byte-  This  bit  causes  the  last  data  bit  ( LDB ) line  to 

go  hign  concurrently  with  the  transmission  of  the  last  bit  of  the 
byte.  This  is  typically  set  with  the  last  byte  of  a packet. 

10,9,8  NOT  USED  (On  the  early  unit,  these  bits  indicated  the  last  bit 
position  to  be  transmitted  within  the  byte.) 

7-0  DATA  (Bit  7 is  the  high  order  byte,  and  bit  0 is  the  low  order 
byte.) 
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Receive  Register  INBUF  167774 

The  interface  will  receive  bit“  until  either  it  is  full,  or  it  receives  the 
last  IMP  data  bit  (LIUB)  rrjnal.  At  this  point  the  inter!  ncr  stops  ani 
requests  an  interrupt.  It  will  not  accept  any  new  bits  until  the  present 
load  of  bits  is  read  from  INBUF. 

BIT  FUNCTION 

15  Special  conditon  - If  set,  the  byte  of  data  just  received 

requires  special  handling.  (i.e,  it  is  either  the  last  byte  of  a 
packet,  or  there  has  been  a change  in  the  status  of  the  IMP  relay 
contacts  (IMP  recently  down), 

14  IMP  just,  went  down  or  IMP  has  be^n  down  and  just  came  up 

0 - No  change  in  TMP  status 

1 - IMP  has  been  down  recently 

(see  bit  12  for  current  status). 

13  HOST  POWER-  Indicates  the  current  status  of  the  Host  power  relay 

as  set  or  cleared  by  either  bit  12  or  13  respectively  in  the 
transmit  register  OUTBUF.  This  bit  should  be  interpreted  as 
fol lows : 

0 - HOST  power  relay  contacts  closed  ( ON  ) 

1 - HOST  power  relay  contacts  open  ( OFF  ) 

12  IMP  POWER-  Indicates  the  current  status  of  the  IMP  power  relay. 

The  bit  should  be  interpteted  as  follows: 

0 - IMP  power  ON 

1 - IMP  power  OFF 

(See  bit  14  to  determine  if  the  interrupt  was  generated  by  the 
power  circuit.) 

11  LAST  BYTE  - If  this  bit  is  set,  the  data  byte  is  the  last  one  in 

a packet.  Bits  8,9,10  should  be  checked  to  determine  the 
position  within  the  byte  of  the  last  bit  transmitted. 

10,9, B Bit  Count  - The  three  bits  (10,9,8)  indicate  how  many  bits  have 
been  received  since  the  last  interrupt.  If  a number  other  than  O 
appears  in  these  three  bits,  a full  byte  has  not  been  received. 
The  bits  ate  a binary  number  indicating  how  many  bits  have  been 
shifted  into  the  register.  The  ddt.a  bits  are  shifted  into  the 
low  order  byte  starting  at  bit  0 and  moving  toward  bit  7,  its 
final  destination.  If  the  bit  positions  were  numbered  1 to  8 (LSB 
to  MSB)  instead  of  0 to  7,  then  tne  bit  count  (10,9,8)  is  the 
position  of  the  MSB.  000  means  the  MSB  has  reacb2d  its  final 
destination  (position  ti) . 

7-0  DATA  - Bit  7 is  the  MSB  of  the  data  byte  and  is  the  first  bit  of 

the  byte  to  be  received  from  the  IMP. 


INTERRUPT  VECTORS  FOR  THE  INTERFACE 
Transmit  Interrupt  Vector 
Loc.  Contents 

300  XMT  MPC) 

302  200  * (PS) 

Receive  Interrupt  vector 

Loc.  Contents 

301  RCV  *<PC) 

306  200  MPC) 


XMT-  Address  of  transmit  interrupt  routine 
RCV-  Address  of  receive  interrupt  routine 
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8.0 


Diagnostics 

It  is  assumed  that  the  DR11-C  or  DRV-11  is  functional 
before  these  tests  are  attempted.  If  the  above  is  not  i , 
the  programmer/user  has  no  means  of  accessing  e 
I/O  card „ If  in  doubt,  the  DRll-C  tests 

f .Lrst. 

3.1  Packet  Source/Sink 


should  be  run 


8.2  Scope  Loop 


8.1  Packet  Source  Sink  program 

3.1.1  General 

The  packet  source  and  sink  program  can  be  used  to  make 
the  interface  do  handshaking  for  hardware  and  sot  ware 

Ch6Ck?he  transmit " part  continuously  loads  the  contents  of  to 
sequential  memory  locations  into  the  transmit  oufCer^  Th 
low  order  byte  is  transmitted  as  data.  Bit  11  oL  1 

o?der  byte  maj  be  set  both  as  an  end  of  packet  inaicator  and 
also  to  test  the  LDB  lines  in  the  interface. 

The  receive  or  sink  program  circularly  tills  a 16  wore 
area  ™n  memory  with  the  contents  o£  the  receive  register. 
The  user  may  stop  the  program  at  any  time  to 
contents  of  the  last  16  bytes  received. 


see  tuo 
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8.1.2 


Running  Source/Sink  Program 


A)  Location  602  determines  what  the  program  Joes.  It  is 

loaded  into  the  control  and  status  register  of  the 
interface.  It  should  be  loaded  with  one  of  the 

following . 

101  Transmit  Only 

42  Receive  Only 

143  Transmit  & Receive 

B)  Locations  440  to  476  (octal)  contain  the  transmit 

buffer.  They  should  be  filled  with  the  data  and 

control  as  the  user  wishes.  Words  from  the  buffer  arc 
successively  loaded  into  the  output  buffer  of  the 
interface . 

C)  Load  the  program  into  memory  using  ODT  or  switch 

register.  Alternately  assemble  the  listing  and  load  it 
from  some  storage  device. 

D)  The  program  starts  at  location  600  (octal)  after  it  is 
loaded . 
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a.  1. 3 

Source/Sink  Program 

Memory 

Contents 

Function 

locat ion 

(octal ) 

(octal ) 

300 

1000 

\ 

302 

200 

1-  Interrupt  Vectors 
1 

304 

700 

306 

200 

/ 

400 

\ 

1 

1”  Receive  Buffer  lo  v/ords  (3  received 
1 bytes) 

4 36 

/ 

440 

\ 

1 

1-  Transmit  Buffer  16  words  (8  transmitted 
1 bytes) 

476 

/ 

60  0 

12737 

MOV  C ( loc  602) ,DRCSR 

602 

sec  table 

101-Transmit  42-Reccive  143-Bot.i 

60  4 

167770 

006 

12705 

R5  = 440 

610 

440 

i>12 

12704 

R4=400 

614 

400 

616 

12706 

R6=2000 

620 

2000 

622 

12537 

MOV  (R5 ) + , OUTBUF  Start  transmitter 

624 

167772 

626 

777 

BR  626  Wait  loop 

700 

13724 

MOV  INBUF , ( R4  ) + 

702 

167774 

704 

22704 

COMP  #440, R4 

706 

440 

710 

1002 

BMC  716 

712 

12704 

R4=400 

714 

400 

716 

2 

RTI 

1000 

12537 

MOV  (R5)+, OUTBUF 

1002 

167772 

1004 

22705 

COMP  #500, R5 

1006 

500 

1010 

1002 

BNE  1016 

1012 

12705 

R5=440 

1014 

440 

1016 

2 

RTI 

167770 

DRCSR 

167772 

OUTBUF 

167774 

INBUF 
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8.2 


Scope  Loop  Program 


8.2.1  Running  Scope  Loop  Program 

A)  Load  Source/Sink  program  in  8.1.3  . 

D)  Location  602  should  be  143  (transmit  & receive) 

C)  Locations  440  to  446  should  be: 

440  000000 

442  000002 

444  000200 

446  004001 

D)  Change  contents  of  location  1006  from  500  to  450  so 
transmitter  loops  after  4 bytes. 

E)  Start  program  at  location  600  (octal). 
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n '> 


Using  Scope  Loop 


The  loop  program  transmits  two  word  packets.  Tuey  are 
transmitted  continuously.  They  are: 

Word  1 000002  octal 


Word  2 100001  octal 


The 

most 

significant 

bit  (MSB)  ot  each 

word  is 

transmitted  first.  Thus, 

the  bytes  are  sent  as 

follows : 

Memory 

Byte 

Octal 

Binary 

Location 

No . 

MSB  LSB 

MSB  LSB 

440 

1 

000 

00000000 

442 

2 

002 

00090010 

444 

3 

200 

10000000 

446 

4 

001 

00000001  (LHI)B 

asserted  with 

LSB  ot  byte  4) 


The  last  host  data  bit  (LHDB)  line  is  asserted  with  the  last 
bit  (LSB)  of  the  second  word. 

Scope  Pattern  for  Test  program 
(with  loopback  connector) 


LDB 

Line 
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Append  i.x 


A DRll-C  Specifications 

(from  DEC  Peripherals  and  Interfacing  Handbook) 

D Parts  list  for  Interface 
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GENERAL  DEVICE  INTERFACE,  DR11C 
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tenance  mode,  they  are  also  used  to  check  operation  of  the  interface.  ferrirg  to  these  addresses  must  also  be  mod  'ied  acco.Jmgly  rf  the 


T3  m 


ft)  t) 

B § 

K « vi 

3 

N 
to 

N _ 

O'  n V 
OC  J c 
t«  * (ft 

S »-  T3 
q * c 

“ ts  2 

fc.  c 

5 *e 

+ o 

(A  0 


— ft) 
o (A 


Cl  JT 

O * 


o F 

U o 
c £ 


E 5 


o 

C 

° T) 


i 

o 

(A  «- 

’C  ro 

' B ^ 
_ ^ 
ft)  CE 

<s  u 
5 -o 


> ft) 
ft)  X2 
T3  . 


30  W 

t:  a:  ~ 

ft)  (O  £3 

£ C 

- r 


"J 

y * 
x y 

* -O 

. c 

(A  — 


rz  ^ E 
u ^ o 

U-  JC  u 

Z4-»  (ft 

O (ft 


m “O 
J2  ft) 

to  c ^ 

T>  *fc 
c *o 


h*  2 
to  to 


O'  > 


P 8"  5 

* J 

a 13 

fc 

(ft 

4->  O 

5 c»  u 5 

0 x ft. 

O ft)  "§ 

? ,-y  3( 

O 

O K CL  13 

h-  > ^ 

a 

*.*  o ■ 

4^  (ft 

O £Z 
C ° o 

0 — O 

^ Q X 


Q.  O 
>>  r * ^ 
re  ft>  q B 

2*1  s 

n «=  -o  £ 
ft>  o E u 
</>  — > xj 

3 C >»PJ 
. 0)  XJ 
ft)  > ro  c 


c O t £ 

3 £ 

£ « rv  g. 


Q:  c: 
on  - 

u -« 

13 

C fi- 
re Q 
. CL 


; «-  re 

1 geo 
o 3 
_ CO 

Z 
3 
ft) 


O-o 

a c 

UJ  03 
* * 

g vT 
t:  ft) 

x fc 
do  o 

3 T> 

It 

— (ft 

C 3 


?c« 
o ” fc 
~ * E 

*0  re  O 

§®S 

“ S 00 

W M k. 
2 c ° 
* 0 (9 


a 

to 

u 

a 

a 


o ^ J 
^ B fc 

^ a)  id 

B is  3 


~ -o 
N > 

" I 

« a- 


ft)  h 

. 3 

IF  ; 

sS  - 

U)  3 ^ 4-‘ 

W» 


^ E5 

ft)  2 ^ 
£ci 

o £ S' 

- E 

O 0)  u 
*;  ft  iJ 

o?5 

° - tso 
ft)  C)  ;~ 


t?  ft)  ft) 

d r>  c , 

ft)  r 
\A  > 0£)  t 
r-  «J  ft) 

f E 5 & 


D 

a 

u 

cr 


x> 

■g  vi 

ft)  3 

ft) 


ft)  ftj  ^3 


ft) 

3 C * 
CT  OJ  ft) 
I S (A  t)) 

4-  «2  ^ 

g-  ra  m 
2^o 

5- 5S 

C T3 

“ U 4J 

C ft)  5 
0^  o 03 

™ > m 
■o  «»  2 

ft)  ^ UJ 
V)  _ 

3 ft)  H 

c[Z 

ft)  <u 
JT  4) 
K f" 

> 4>  t; 


c U 
«3  > 
U ft) 

yi  E 

if  ft) 

x 

00^ 
ft)  w 
tr  O 

o E 

« g 

ft)  L 

13  O 
0)  «- 

3 E 

r 2 
ft)  oo 

JC  O 

£ cL 


o 2 5 « 

« ^ C ^ 
W rH  O tJ) 

ts  0^  ^ C 

s°it 

T)  ft) 
ft)  4)  c 


ft) 


i (ft 
> 


0)  **  ft)  ^ 

■fc>  u 

ft)  c c ft) 
-S’  -C  - n -J 

X3  ^ W5  _ — 
<ft  r-  c <W. 

o ~ -*  OC 
o 

X?Soe 

c E £ o 05 

ft)  ft)  U B « 

J c «i  - ? 

4-»  ft)  ”*£ 

c ar 
n * L 

p D ft) 

^ Eft  aO^ 


o 


CJ 

ft)  O 


o i;  ■= 


uj  " 

3 2 

O ft) 
uj  c 

* & 
o ^ 


£ ° 


</» 
C3 

5 Z i ">fe 

C^f  c 3 

| »^o 
E S h 5 w 

< 5 o if  o: 


C 5 

o 


ft)  <ft 

c:  c 


<d  _ 
JZ  o 

- to 

S O 


o 

1 ft)  JC 
n 
ot 


o 
c 

= c 

g c:  ^ 

c <?t0 
fft  o 

^ « 4- 

ti£5 

JC  ^ 

g S'  CD 
§ x Z 
O 4)  uj 

r 

a>  in  -r 
Q.  *-»  — 


< 

h- 

t/) 

UJ 

O 

O' 

UJ 

C£ 


ft)  c 
C ft) 
ft)  13 

E vft 
(0  _ 
E < 

ft>  ►- 

jc  to 

*-*  UJ 

c 3 
ft)  O' 

^ CE 


>> 

n 

■o 

ft) 

W- 

n 

ft) 

O ro 

o 

^ ^4 

^3  ft) 

2,1 
c S 

? ft) 

13  <J 
(ft  C 
ft)  rj 
Ct  c 


N 

O 


£ tj  (ft  Cifl 

E 3 g *6 
X o-o  S 

^ D O )f 

. t:  E 

4,  - ^ fc 

E E 
o o 


r 

•j  c:  ^ 
E fc  "p 
C o 

ft)  3 4 
1 1)  J 
^ ^ (ft 

III 

fll  *"" 


is 


^ ft) 
(ft  CL 

n 2 

ft>  CL 
CL 

a oo 

(ft  c 

? o 

H 

Ea 

(ft  ‘ 


a SP-S 
a. 


o (A 


- — 4) 

o 


fll  ft) 

u 

i 5 «> 
1 cS 

il  Ol  L 

Jy3Wi 

^ DO  4) 

* O 

‘9  E 
5?  A o 
n ^ ^ 

(ft  cc 

°Q  £ 

(0 

ft)  ft)  -C 

_ 

c o £ 

■g  00« 


» 2 •«  3 


m 5 »-  V. 


Ill 

<■5-3 


ft)  .9 

IS* 

O -C 

— 4-» 


So  E 

2^  1 
wo:  p 
j=  i o 


m r-  o 
5b-  *2 

^ w * 2 
e ft)  JC  -C  o 

^ * or » 

» ? 
E w g «>  o 

c n ^ *r 


8 2 s - 
S £ -O  § 
eSo*1 

ciZ  * ft) 
tr  *)  * jc 

ft)  JO  ft)  +- 
4-  _ U 


VA  r3 

fib’o 

;«I 

a > 
cl  o 


ft)  4) 

' £ jc 
; ^ 3 
O JC 


-22? 

c5a£ 

«wr? 

(A  ft)  O t 

"tA  S « 
c:  o. 

«o 


ft) 

■o  c o. 

4)«Ov 

§ £~-ff 

5o?S 
« - J!  £ 


— ‘/I  U *. 

O O g *"* 

*A  Jrt  E UT 

c <j  iJ  is 

s 2. (A  8 
u a o 
0^9- 

2223 

{CqIKO 
^ ftj  « 


X) 

o 

fc 


w , 


•K 

c to 
o ^ 

DO  ^ 

3 g 
3J 

aa 

(A  C 

- ft) 

ft)  Q- 

o ^ « 
X ® E 
t c 

y ■"  <0 
(A 

£ 


a 2 

c 


£CqK*i_ 

o£o  3 . 

* o ft)  «i  ii 

t ? C u (B 

N*  o n»  o 


« a *o 
.y  o 

(A 

>.  ft>  s? 

£ x:  £ 
ft.  H Q. 


-2  3 o ft) 

2 55  s* 
?S-E 

..  C C v 


n c ‘ 
ft)  aJ 


CL  > 3 
c "u  (ft 
” -D  > ■“ 

»-  ft)  ^ ft, 

(M  — ’ 

(fl  QCJ3 
3 CL  ’ (0 
_ ^ O « 
1C  (ft 

V.  O v £ 
o c 


« s t\s 

o ra|-'= 

4-v  r*  CL 

?i  h 4-> 


Of 
X) 

4,  y a £ 2 

C J2  O O <u 

c c 

0.3  O 

° *5  ? v)  6 

fc  aj  _ jd  «) 

? 


O c.  bO 
)2~.. 
:«i¥ 


o^o1 

:i;j 

— a,  ** 
3 r1  « m 
13  N O .5 
O 03  > 


to  JC 
U3  DO 

(5 


- y c c - 

x i «)  n>  ’, 

Khua! 


00  fc 

U3  3 


<0 

t 


' . 03 
1 2 ™ 
i «)  _ 
DO  O 


(ft 

D O * 

3 JO 
: • .oft) 

3 C 3 X) 

: . -a- 

. m ^ o 
;CN^ 


o'  r 

E § 
o-o 

o > 
> 

o 

TJ  2 


c.  ^ 

o S 


ift  o 


- J5  fc 


E .y  -k 

gob  o S- 

CO  Jd  , 

o x) 
u%£ 

OQ  M (A 


U B 

DO  O 

c fc  * 
* cq  uj 


DO  o « fc  £ 

■c  r " i!  o 
S*iS« 

lSgs« 

o.E  u-t 


DO 


.<  »A 

A . * tS 

3“  (ft 

" w 5 

c o 
o o 


o ™ 
m V - 


i E o 
P5 


DO 

c 


(ft 


6 o 

DO 

C i- 

o o 

5?  u 

OCmU 

3§S« 

?^-?5 


_ t;  to  do 

2 »n  S * 

4 <\j  99  03 
c M 
“ c E 

a,  m fc 
n (A  >: 

(ft  3) 

T3  ft) 

> r •“ 

< ^ 2 

iZ-  5 
Ss1’  . 

” o «>  (*i 

D O)  '■  , S 

£ 2 ° 
* C (ft  JNs 

“ 0 

(ft 


1 CD  * 


(N  W j;  r O 


(J 

O 

r*  ^ 

cj 
i!co  c £ 
duo 


to 

a: 

fc! 

fc  22 

~ c 

UJ 

o: 


8- 


52 

Ks 


_J 

i* 


p 


|£ 
c * 

O oj 
(ft 


E ^ 


DO  O 
C 

■=  g 
a)  E 

it  (ft 

ra  tb 
>(  o 
■°  n 

"£  >» 
DO  c 
C (ft 
(ft 

.C  (7 
O ft) 


■°  5 

d 


^ ~ 
<d 

s g 

13  2 
w ^ 

w * 
ft)  a. 


(A 


(A 


IN 

O 

CN 


ft)  TJ 
X u 
H (ft 


36 


a » * P *J 
"‘eg! 

« S * : 

- O ^ i 
x:  tv)  ; 
o *'  c | 

r e ^ t 

i-  x ^ 
ft)  o n j 

^ tz  - * 
,uc>1 

rt)  ■“  .1 

3 £ .« : 
a.  (a  j 

r n I 


* <■-  w ® L.  “i  > ^ 

O^Z3jzo:h?kn<Mu.i-t>uu:Q(iq:  -n 


' (\|  C4  *=•«-<  C\J  o 


i 

-o  3 ° { 

3-° 


t h tM  f«i  in  ID  N co  C?^  O ^ ^ fo  't  m G •" 
UO<JOOOOOOO»-«'-*-**--*-«— 
HHh-hhl'hHHhhK(-(~Hh?,  h^Qjhl 
D3DDDDDDDDD!j'JDD!3uj<(/'^~: 

OOOOOOQOOOOOOOOOZQOO-: 


• _j  CD^XujO  . _ _j 

• jira^iuuN>-$>^(iz.*-jy) 


c\i  Cvj  oj  <n  rsi  <%j  cv  oj  eg  c\i  r j c j rg  cm  eg  eg  -t  eg 


< CD 

O *-<  cm  ro  **  ir>  ix>  n 00  0 o eg  cn  *$-  m ^ 

oooor:ooOoo^-*^Hr-.^.^.OrO' 

zzzzicrzzzzzzzzzzz^^ 


3 | !?  | 

o J tz  ^ 


n O ■g  £ 

•J  „L  ; O 


t-  m *- 
Oh  O 

M*;  C r 

= jj|  j 

§ E 2 M 

"S|l 

?S«« 

3 fq  - ~ 

«S  |i? 

•o  5 w -o 
ra  _ ~ o 
O C " o 

« E - 

L 1/1  u ^ 
2 2 * o 

iS^s 

TO  -D  ^ U 

£ * m x: 

y 

~ OflLd  £ 

*=  D m 
c -C 

« « \u  2 

;£  O w £> 


*?  (/> 
to  Ld 

£3 

♦ Ld 
CC 
T3  w 

a>  . 

tn  r>. 

3 O 

01  ^ ■ 

■"  X!  t 

Z 

/3  O — 

S»  £ 

e IS  *0 

u irt  u } 

c C. 
<0  £ «s 

I -£.  qj 

SZ  G 

P S 

1 

1-  * 

II  £ 


r - 3 

ci;  3 a 
U)  o c 


; o ^ e 
) n > CL  J 


Ufl  . •*  r* 

C V-  « F 

r q>  o o 


E O tuD  J 


t « ” 

o^- 
cc  -o  . 

!~d 

u ™ m 

e ~ 

S'Za 

£ £ 0 


u <u 

r V)  tt)  \J 

C - -D 
^ ro  <y 
u-Jr  c £ . 
2<c? 

E K X)  — 


.2  3 S3 

OO1-1  x> 

(J 

^ (V  Q> 
L.  u 5 

<L>  >1 

5r:  u o 

3 ifl^ 
-O  3 

- Ji  u 
£ cl  o 


> to  u 


37 


BC11K  Connections 


O 


a: 

a 


o 

X j<* 


in 

Z 

< 

a 


c o 

Sz 

u 


z z 


UJ  uj 

a a. 


OO 


<2 

K UJ 

< £- 

Q O 


gS  go  aO 

So.  5 z CO  z 

± O £:  O (JO 


in  m 

r-H  M 

Z Z 


* a 
2 z 

i=  (J 


CD 

O'  o 
uj  Z 
a o 


cnj  ^ 

O o 

CT>  CO 

*-*  rM 

O O 

z z 

-o 

z z 

°s 


in ; 
o J 


s§ 

5 o 


o o 

z z 


n i- 


c o 

§z 

o 


z z 

LiJ  UJ 

gz 

K UJ 

z z 

UJ  UJ 

5 o 

QH 

0-  CL 

z a. 

CL  CL 

CL  Z 

d z 

2 ^ 

o o 

o o 

o o 

o o 

o o 

(J  £ 

in  to 

r-* 

ro 

CO  O 

o 

-H  OJ 

cn 

in 

< 

(N 

o o 

h*  H 

O £ 

? a 

p ° 

h-  >- 

r-H 

Q H 

>— • r-H 

K H 

o£ 

O h- 

h-  ►- 

a cy 

O H 

Z Z 

z z 

3 Z 

=3  Z 

z o 

Z Z 

Z tn 

z z 

Z 3 

Z uj 

Z Z 

O O 

o o 

o o 

O O 

a o 

o o 

o o 

o a 

O O 

o ct 

a o 

< CO 

OQ 

UJ  u. 

X -> 

* _j 

5ol 

Z cr 

in  h 

=>> 

>-  N 

< CO 

< CQ 

o a 

u u. 
UJ  u. 

HH 

JJ 

* _j 
x:  _j 

2 z 
^ z 

O 

OJ 

'j' 

biack 

wh-org 

black 

wh-ycl 

black 

wh-gry 

black 

whred 

black 

wh*grn 

brown 

green 

brown 

red 

black 

whblu 

black 

orange 

black 

wh-vio 

black 

red 

brown 

yellow 

black 

bloe 

brown 

orange 

c 

o S 

x)  n 

black 

yellow 

brown 

vfolet 

* 

0 

a» 

>N 

B 

1 

JC 

U 

TO 


0) 

•? 

at 

c 


u 


o 

a>  > 
GO  v 
c +* 
2 £ 
O ? 


X}  XI 


xj  B i) 


X) 


XJ  X>  X» 


n 


•o 

a> 


JC 

o 

JO 

XJ 


5 

o 

Q> 

>* 


C 

J 


o 


X) 


JC 

O 

a 

X) 


o 

o 

>» 

JC 

o 

ra 

JO 


JU 

o 


CT 

?: 

o 

Jo 


38 


4 206 


cc 

a 


n 1 

> \f\  i-U 


o 

< 


< * 


^ 6 

Ui  Q 

z ^ 


g V 

Q.  o 
. c 

i*  «3 

ffi 

T3 
4->  TO 

r g> 
3 o 
x: 
O o 

^ 5 

s j 

•P  s 

to 
c 

— 3 
H TO 

t 9 
?.  5 

CO  y, 

Z U 


o -n 

l-3 

° ? 
V E 


r to 
to  x: 

^ E 
■o  2 
o 

2 T3 

TO 

-u 

U nj 
O 


£ >> 
tt  TO 
UJ  E 

CO  9 
"D  > 

o 


z 

3 

SI 
TO  00 


E to 

O JC 


£ ? 6 
ftj  E;  (U 
O-  *°  CL 

E * S 
=2,5  w 

- ?o 

2 - Ct 

2 u-  o 

% 3 
Z o 

SO* 

n co 
0)  O 

£ £ 

- to 

*2-0 
S * s 

IJs 

^ O -O 
ai  U-  to 

* ei° 

u h* 


< a 
Kq  L 

9 o 

•O 

o 

u 

C 

TO 

t-8 

(/) 

H r*  O 

E n 

$ 

>» 

z cc 

3 

o 

U 

TO 

< TO  ^ 

J2  a 

< n n: 

w c 

t 5 

7 »- 

£ 

ib 

£ 

lO 

n 

+-* 

n ^ 

< Q 

5 TO 
- X 

tf>  ■ 
TO  >» 
U TO 
0.2 

a 

D CL  u 

£ TD 

ob  n 

< *- 

CO 

O 

CM 


•/) 


9-  n 
£ O 

TO  TO 
TO  TO 

q a 


c 

TO  .. 

%'  to 
£ T3 
TO  O 

2 S 


tt: 

a 


O H 

Qg 

0 15 

z 5: 

Z ^ 

Z CL 

0 z 

O ? 

O O 

> 

Q 

cr 

< 

H- 

C4 

a 2 

7 

O □ 

< 
a 
0 $ 

Z 3 

Z Ci 

Z UJ 

0 0 

0 0 

0 z 

0,  K 

tn  |- 

&-  a: 

<n  h 

TJ 

-£ 

jc  c 

TO 

u a 

U To 

J£  l- 

TO  O 

rj  O 

c n 

-Q  > 

xi  u) 

u *> 

to 

oo 


t: 

to 


o 

cl 


(/> 

z 

o 

K 

< 

u 


> > 
ro  o 
+ 

II  II 

H O 
o o 
'uj  00 
o o 


> u 
3!  TO 

_ r 

Q.  c 

o 


^ a ^ s 

Q.  w 
C 


a 

Si  D £ 


*t  Tt 

co  m _ 
Is*  r*  o 

^ N V 
wO  i0  ^ 
^ r>. 

£ ° 
o o 

nN  s id  in  ^ 

N N N r>*  f-s  2 

rv  s n 
m 10  Vfl  10  iD 

r»,  hx  r>  r-  rv 


*§ 

gS; 


«A  in  ) 


;d“ 

1 ^ x 
2 5 WD 

-Q  ^ 0)  ^ 

•O  *0  *:  to 
< £ 3 *: 
»_  * CD  ^ 

£ o-<° 
£ £ 

Wi:  v „ 

0'  O 3 “ 
KUO  £ 


9 oo 

*""*  t-l  r* 

T? 

£ a:  cr 
Oqq 

T?  -D  x: 
c *-  *-* 
cm  ro  ^ 


T) 

TO 

TJ 


1 « 

0 “ 

1 " 

S9  " 
•S-  >>'2 
;«§ 
C.  ' — ' */> 
~ SI  u->  3 
^ o fY  n 
o to  r: 
s-  m CO  T~* 


* TO  -X 
; d)  CO  r 


X> 

s» 

r 2 

TO  U 

£ > 

a 
3 3 

m t: 

Z r 
3 £ 


O irt 
ri 

a.  m 


CJ 

|i 

« g 

t/>  5 

^ cr 


TO  ho  


> 

m 


i 3 

u 


TO 

< 

Ul  O 

• c 


TO 
O 00 

'c  E 

TO  ^ 

£ C .. 
O -1  TO 
TOON 

2 5 to 


3 

o 

3 

CL 

C 


Q. 

E 


o 

k_ 

a 


■o 

o 


n 

00 

00 

c 


ts 

X?  -I 


. “ T3 
^ C 
TO  3 
C 2 

O 00 


fcfi 


3 

O 

TO 

C 


» 

i 


r » 

£ o 


39 


NEW  DATA  READY  = 30  unit  loads 
CATA  TRANSMITTED  = 30  unit  loads 


Tarts  List  for  Interface 


Re  fer ence 
Number  in 
Circuit 


I.C.  Number 


SH7404 

SN7400 

SN7402 

SW7402 

SN7474 

SN74123 

SN74123 

3N74193 

3N74164 

DM8820 

DM8820 

DM883C 

DM883C 

SN74193 

SN741 52 

SN7402 

SN7400 

Magnecraft  W107-DIP-1  Re  Lav 


Connectors 


J1  DEC  H-856 

J2  DEC  H-056 

IMP  Conn.  Amphenol  4 8-1 0R-1 8-3 13 


Resistors 


Capacitor: 


11  1/4  Watt  5%,  5.06  oa.) 

39  ohm 
100  ohm 
120  ohm 
180  ohm 
IK  ohm 
3.3K  ohm 
10K  ohm 
22K  ohm 


.002  mfd  mylar 
100  pf  mica 
.01  mfd.  ceramic 
5 mfd  tantalum 
10  mfd.  tantalum 


.13  ea 


Diodes 


2 3.6V  .5  Watt  zeners  1N5227L3 

19  1N4148 

Circuit  Board 

Douglass  Electronics  11-DE-ll 


80  ea. 
25  ea. 


Total 

(excludes  labor,  connecting  wire,  solder,  etc.) 
* 1976  Catalog  prices 
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ARPA  DISTRIBUTION 


ARP  A 

Director  (2  copies) 

ATTN:  Program  Management 

Advanced  Research  Projects  Agency 
1400  Wilson  Boulevard 
Arlington,  VA  22209 

Defense  Documentation  Center  (DDC) 
(12  copies) 

Cameron  Station' 

Alexandria,  VA  22314 


Cal  ifornia , University  - Los  Angeles 

Professor  Gerald  Estrin 

Computer  Sciences  Department 

School  of  Engineering  and  Applied  Science 

University  of  California 

Los  Angeles,  CA  90024 


Professor  Leonard  Kleinrock 
Computer  Sciences  Department 
3732  Boelter  Hall 
University  of  California 
Los  Angeles,  CA  90024 


ARPA/IPT 

1400  Wilson  Boulevard 
Arl i nqton,  VA  22209 

Dr.  Robert  Kahn 
Mr.  Steven  Wal ker 

Bolt  Beranek  and  Newman  Inc. 
50  Moulton  Street 
Cambri dge,  MA  02138 

Mr.  Jerry  D.  Burchfiel 
Mr.  R.  Clements 
Mr.  A.  McKenzie 
Mr.  J.  McQuillan 
M>'\  R.  Tomlinson 
Mr.  D.  Walden 

Cabledata  Associates 


Mr.  William  Naylor 
3804-D  Boelter  Hall 
University  of  California 
Los  Angeles,  CA  90024 

Collins  Radio  Group 
1200  N.  Alma  Road 
R ichardson,  Tex as  75080 

Mr.  Don  Heaton 
Mr.  Frederic  Weigl 

Defense  Communications  Engineering  Center- 

Dr.  Harry  Helm 
DCEC , R- 520 
1860  Wiehle  Avenue 
Reston,  VA  22090 


Mr.  Paul  Baran 
Cabledata  Associates,  Inc. 

701  Welch  Road 
Palo  Alto,  CA  94304 

Cal i fornia , University  - Irvine 


Hawaii , Un iversity  of 

Professor  Norman  Abramson 
The  ALOHA  System 
2540  Dole  Street,  Holmes  486 
Uni  vers i ty  of  Hawai i 
Honolulu,  Hawaii  96822 


Prof.  David  J.  Farber 
Department  of  Information  and 
Computer  Science 
University  of  California 
Irvine,  CA  92717 


Illinois,  Universi ty  of 

Mr.  John  D.  Day 
University  of  II 1 inois 
Center  for  Advanced  Computation 
114  Advanced  Computation  Building 
Urbana,  Illinois  61801 


Institut  de  Recherches  d1 Infonnatique 
et  d' Automat ique  ( I R I A ) 

Reseau  Cyclades 
78150  Rocquencourt 
France 


Mr.  Louis  Pouzin 
Mr.  Hubert  Zimmerman 

Information  Sciences  Institute 
University  of  Southern  California 
4676  Admiralty  Way 
Marina  dej  Rey,  CA  90291  

Mr.  Steven  0.  Crocker 
Mr.  Keith  Uncapher 


London , University  College 

Prof.  Peter  Kirstein 
University  College  London 
Department  of  Statistics  S 
Computer  Science 
43  Gordon  Square 
London  WC1H  OPD,  England 

Massachusetts  Institute  of  Technology 

Dr.  J.  C.  R.  Lir.klider 
MIT 

Project  MAC  - PTD 
545  Technology  Square 
Cambridge,  MA  02139 

Mi tre  Corporation 

Mr.  Michael  A.  Padlipsky 
MITRE  Corporation 
P.  0.  Box  208 
Bedford,  MA  01730 

Network  Analysis  Corporation 
Beechwood,  Old  Tappan  Road 
Glen  Cove,  New  York  11542 


Na_ti_onal  Bureau  of  Standards 

Mr.  Robert  P.  Blanc 
National  Bureau  of  Standards 
Institute  for  Computer  Sciences 
and  Technology 
Washington,  D.  C.  20234 

Mr.  Ira  W.  Cotton 
National  Bureau  of  Standards 
Building  225,  Room  B215 
Washington,  D.  C.  20234 

National  Physical  Laboratory 

Computer  Science  Division 

Teddi ngton , Mi ddl esex , England  TW11  0LW 

Mr.  Derek  Barber 
Dr.  Donald  Davies 
Mr.  Roger  Scantlebury 
Mr.  P.  Wilkinson 

National  Security  Agency 

9800  Savage  Road 

Ft.  Meade,  MD  20785 

Mr.  Dan  Edwards 
Mr.  Ray  McFarland 

Norwegian  Defense  Research  Establishment 
P.  0.  Box  25 

2007  Kjeller,  Norway 

Mr.  Ynqvar  G.  Lundh 
Mr.  P.  Spill inq 

Oslo  , Uni  vers i ty  o f 

Prof.  Dag  Belsnes 
EDB-Sentret 
University  of  Oslo 
Postbox  1059 

Blindern,  Oslo  3,  Norway 

Rand  Corporation 
1700  Main  Street 
Santa  Monica,  CA  90406 


Mr.  Wushow  Chou 
Mr.  Howard  Frank 


Mr.  S.  Gaines 
Dr.  Carl  Sunshine 


Re nnes.  Un  i vers i tv  ot 

M.  Gerard  LeLann 
Reseau  CYCLADES 
U.E.R.  d ' Informatique 
B.  P.  25A 

35031 -Rennes-Cedex,  France 

Stanford  Research  Institute 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 


Ms.  E.  J.  Feinler 
Augmentation  Research  Center 

Dr.  Jon  Postel  (4  copies) 
Augmentation  Research  Center 

Mr.  D.  Nielson,  Director 

Tel ecommuni cation  Sciences  Center 

Dr.  David  Retz 

Telecommunication  Sciences  Center 


Xerux  Palo  Alto  Research  fpnt.pr 

3333  Coyoto  Hill  Road 

Palo  Alto,  CA  94304  

Mr.  David  Boggs 

Dr.  R.  Metcalfe 

Mr.  John  Shoch 

Dr.  William  R.  Sutherland 

Stanford  University 

Mr.  Ronald  Crane,  Digital  Systems  Laboratory 
Mr.  Yogen  Dalai 
Ms.  Judith  Estrin 
Prof.  Michael  Flynn  " 

Mr.  Richard  Karp  " " 

Dr.  John  Linvill,  Electrical  Engineering 
Mr.  James  Mathis,  Digital  Systems  Laboratory 
Mr.  Darryl  Rubin 

Mr.  Wayne  Warren  " " " 


System  Development  Corporation 
Dr.  6.  D.  Cole 

System  Development  Corporation 
2500  Colorado  Avenue 
Santa  Monica,  CA  90406 

Telenet  Communications,  Inc. 
1666  K Street,  N.  W. 

Washington , D.  C . 20006 

Dr.  Holger  Opderbeck 
Dr.  Lawrence  G.  Roberts 
Dr.  Barry  Wessler 

De fense  Communication  Agency 

Dr.  Franklin  Kuo 
4819  Reservoir  Drive 
Washington,  D.  C.  20007 
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BELL  LABORATORIES 

Dr.  El’’Ot  N.  Pinson,  Head 

Computer  Systems  Research  Department 

Bell  Laboratories 

600  Mountain  Avenue 

Murray  Hill,  New  Jersey  07974 

Dr.  Mark  Rochkind 
Bell  Laboratories 
600  Mountain  Avenue 
Murray  Hill,  New  Jersey  07974 

Mr.  Kenneth  L.  Thompson 
1103  High  Court 
Berkeley,  California  94708 


B N R,  Inc. 

Mr.  Alex  Curran,  President 
B N R,  Inc. 

31  74  Porter  Drive 

Palo  Alto,  California  94304 

Mr.  Barry  Gordon 
B N R,  Inc. 

31 74  Porter  Drive 

Palo  Alto,  California  94394 

Mr.  Alan  Chapman 
B N R,  Inc. 

3174  Porter  Drive 

Palo  Alto,  California  94304 


BURROUGHS  CORPORATION 

Dr.  Wayne  T.  Wilner 
Burroughs  Corporation 
3978  Sorrento  Valley  Boulevard 
San  Diego,  California  92121 

Mr.  John  Mazola 

Burroughs  Corporation 

25725  Jeronimo  Road 

Mission  Viejo,  California  92675 

Mr.  Louis  de  Bartelo 
Burroughs  Corporation 
1671  Reynolds 
Irvine,  California  92714 


GENERAL  ELECTRIC  COMPANY 

Dr.  Richard  L.  Shuey 
General  Lectric  Research  and 
Development  Center 
P.0.  Box  8 

Schenectady,  New  York  12301 

Mr.  J.  T.  Duane,  Manager 
Special  Purpose  Computing  Center 
General  Electric  Company 
1285  Boston  Avenue 
Bridgeport,  Connecticut  06602 

Mr.  Ronald  S.  Taylor 
General  Electric  Company 
175  Curtner  Avenue 
San  Jose,  California  95125 


GENERAL  MOTORS  CORPORATION 

Dr.  George  C.  Dodd,  Assistant  Head 
Computer  Science  Department 
General  Motors  Research  Laboratories 
General  Motors  Technical  Center 
Warren,  Michigan  48090 

Dr.  Joseph  T.  Olsztyn 
Computer  Science  Department 
General  Motors  Research  Laboratories 
General  Motors  Technical  Center 
Warren,  Michigan  48090 

Dr.  James  Thomas 
Computer  Science  Department 
General  Motors  Research  Laboratories 
General  Motors  Technical  Center 
Warren,  Michigan  48090 


HEWLETT-PACKARD 
Mr.  Don  Senzig 

Hewlett-Packard  Laboratories 

Building  18 

1501  Page  Mill  Road 

Palo  Alto,  California  94304 

Dr.  J.  R.  Du  ley 
HPL/ERL 

3500  Deer  Creek  Road 
Palo  Alto,  California  94304 
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Mr.  Stephen  Walther 
HPL/ERL 
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Mr.  Fred  Buelow 
Microtechnology  Corporation 
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HUGHES  AIRCRAFT  COMPANY 
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Hughes  Aircraft  Company 
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P.0.  Box  3310 

Fullerton,  California  92634 

Mr.  Thomas  J.  Burns 
Hughes  Aircraft  Company 
Bldq.  390,  M.S.  2007 
P.0.  Box  92919 

Los  Angeles,  California  90009 

Hughes  Aircraft  Company 
Attn:  B.  W.  Campbell  6/El  10 
Company  Technical  Documents  Center 
Centinela  and  Teale  Streets 
Culver  City,  California  90230 


IBM 

Dr.  Leonard  Y.  Liu,  Manager 
Computer  Science 

International  Business  Machines  Corporation 
K51-282,  5600  Cottle  Road 
San  Jose,  California  95193 

Mr.  Harry  Reinstein 

International  Business  Machines  Corporation 
1501  California  Avenue 
Palo  Alto,  California  94303 


Mr.  Naoya  Ukai 
Microtechnology  Corporation 
224  N.  Wolfe  Road 
Sunnyvale,  California  94086 

Mr.  John  J.  Zasio 
Microtechnology  Corporation 
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Sunnyvale,  California  94086 


SIEMENS  AG 

Mr.  Dr.  Jan  Witt 
Siemens  AG 

Zentrale  Forschung  und  Entwicklung 
FL  SAR 

Hofmannstr.  51 

8000  Mlinchen  70,  Germany 

Mr.  Harold  Fritzsche 
Siemens  AG 

Zentrale  Fertigungsaufgaben 
FTE  3 Aut  2 
Schertl instr.  8 
8000  Mlinchen  70,  Germany 

Mr.  Volker  Haberland 
Siemens  AG 

Zentrale  Fertigungsaufgaben 
FTE  3 Aut  23 
Schertl i nstr.  8 
8000  Mlinchen  70,  Germany 


Dr.  Donald  Frazer 

IBM  Watson  Research  Center 

P.0.  Box  218 

Yorktown  Heights,  New  York  10598 


XEROX  CORPORATION 

Dr.  Jerome  Elkind,  Manager 

Computer  Science  Laboratory 

Xerox  Corporation 

Palo  Alto  Research  Center 
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Xerox  Corporation 
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